Multiple-quantum nuclear-magnetic-resonance techniques are used to study the distribution of hydrogen in hydrogenated amorphous silicon. Using the fact that multiple-quantum excitation is limited by the size of the dipolar-coupled spin system, we show that the predominant bonding environment for hydrogen is a cluster of four to seven atoms. For device-quality films, the concentration of these cluster defects increases with increasing hydrogen content. At very high hydrogen content, the clusters are replaced with a continuous network of silicon-hydrogen bonds.
Hydrogen incorporation into amorphous silicon thin films has improved their electrical and optical properties to a point where they now play a significant role in the electronics industry.
In addition to passivating "dangling bond" defects, the hydrogen modifies the electronic structure of these materials. Films containing between 8 and 20 at. '/0 hydrogen are "device quality" and have roughly 10'5 defects/cm'3; films with higher hydrogen content can also be prepared but usually have higher defect densities than device films. In recent years, a number of researchers have character- (Si-H) silicon-hydrogen bonds are observed in device films, whereas dihydride (Si-H2), trihydride (Si-H3), and polymeric (7 ) is essentially constant for the 8-at. 
